Progressive renal diseases are characterized by an increased synthesis of extracellular matrix (ECM) components. The mechanisms involved in the development of these alterations are incompletely known, but a crucial role for TGF-1 has been suggested. Moreover, the ability of the ECM to modulate the phenotypic expression of different cell types has been widely described. In experiments presented here, human mesangial cells (HMC) were grown on collagen types I (COL I) or IV (COL IV). ECM protein and TGF-1 mRNA expression were evaluated by Northern blot, and TGF-1 secretion by ELISA. The involvement of tyrosine-kinase and serine-threonine kinase pathways were studied by western blot, immunofluorescence and in vitro kinase assays.
INTRODUCTION
Glomerular sclerosis and interstitial fibrosis are characteristic findings in different forms of progressive renal disease (19) and aging (28). These pathological changes are due to the accumulation of extracellular matrix (ECM) proteins at different levels of the renal cortex, as a consequence of an imbalance in the normal turn-over of ECM components. Both normal ECM components of renal cortex, such as collagen type IV (COL IV) and fibronectin, and ECM proteins not usually found in significant amounts, such as collagens type I (COL I) and type III, may increase in these situations (1, 2, 6, 34, 38) . In the healthy glomerulus, COL I is not normally present, and its appearance in some pathological conditions could modify the behaviour of glomerular components, such as mesangial cells.
TGF-1 is a multifunctional regulator of cell proliferation and differentiation, and contributes to the accumulation of ECM proteins by stimulating their synthesis and/or decreasing the activity of some extracellular proteases (21, 23). In mesangial cells, TGF-1 inhibits growth and stimulates the synthesis of collagens, fibronectin, laminin and proteoglycans (22, 33, 37, 39) . TGF-1 may play a crucial role in the pathogenesis of glomerular sclerosis and interstitial fibrosis (27), although the mechanisms by which the TGF-1 secretion is stimulated are incompletely known.
The importance of cell adhesion to the extracellular matrix in the regulation of gene expression, proliferation, apoptosis, and migration has been described (3, 12, 30, 35) . Transmembrane receptors such as integrins (29) could be involved in this phenotypic modulation. Two main pathways are activated by integrin stimulation. First, several tyrosine kinases are recruited into focal adhesions, leading to a sequential protein tyrosine phosphorylation (8) . Second, a newly identified integrin-linked kinase extracted from the cells. In some experiments, treatments were added 24 h before finishing the incubation periods (see legends to the figures). In selected experiments, cells were grown directly on plastic to investigate TGF-1 mRNA expression and secretion and COL IV mRNA expression.
In some experiments, cells were transfected with His-V5-tagged ILK kinasedeficient (KD) or His-V5 tagged wild type ILK cDNA (kindly provided by S. Dedhar) using Lipofectin reagent (Life Technologies, USA) according to the manufacturer's guidelines. Subconfluent (60% confluency) were serum deprived and incubated with 2 µg cDNA plasmid and 4 µl of Lipofectin reagent. Control cultures received the empty pcDNA 3 vector. Transfections were carried out overnight in Optimem medium (Gibco Brl) and the cells were harvested 24 h later. Transfected cells were analysed for cell viability by using the trypan blue exclusion viability assay. Before starting the experiments, the transfection efficiency in this cell type was evaluated by transfecting a plasmid containing green fluorescent protein, (pEGFP, Clontech, Palo Alto), in the same experimental conditions, as previously reported (18). Expression of the transfected constructs was verified by immunoblotting with anti-V5 antibody (Invitrogene, Life technologies).
Analysis of the mRNA expression by Northern blot analysis.
Total mRNA was isolated by repeated phenol-chloroform extractions and isopropanol precipitations (4) . Total RNA was denatured, electrophoresed through a 1% agarose gel with 0.66 mol/l formaldehyde, transferred to nitrocellulose membranes (Amersham, Buclinghamshire, UK), and fixed by UV-crosslinking. The integrity and equal loading of RNA samples were assessed by methylene blue staining (2) . The membranes were prehybridized at 65ºC for 2 h in 10% dextran sulphate, 1% SDS, 1M
Analysis of tyrosine-phosphorylation by immunofluorescence (11).
HMC were grown in Chamber slides (Nunc Inc., Naperville, IL., USA) until subconfluency, chilled on ice and washed three times with cold PBS. Subsequently, cells were fixed in 4% paraformaldehyde for 30 min and permeabilized with 0.2% Triton X-100 for 20 min. To reduce non-specific binding, cells were incubated in PBS/3% BSA overnight and with 10% normal goat serum for 30 min. Tyrosine phosphorylated proteins were detected using a mouse monoclonal anti-human phosphotyrosine antibody (Sigma Co) diluted 1:100 in PBS/1% BSA. The secondary antibody was a FITC conjugated goat anti-mouse antiserum diluted 1:128 in PBS/1%
BSA. Non-immune IgG was used as a negative control and no fluorescence staining was detectable in these cultures. Samples were examined using a Zeiss fluorescence microscope (Zeiss, Germany). Photomicrographs were taken at constant standardized exposure times using Kodak Ektachrome 400 film (Kodak, Rochester, USA).
Protein extraction, immunoprecipitations and immunoblot analysis.
The techniques for protein extraction, immunoprecipitation, and immunoblot analysis have been described (11) . Briefly, cells cultures were chilled on ice and washed three times with cold PBS supplemented with 0.2 mM vanadate. Subsequently, the culture flasks were incubated for 30 min with 0.7 ml RIPA lysis buffer (150 mM NaCl, 1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS, 50 mM Tris-HCl pH 7.2, 1 mM PMSF, and 0.2 mM sodium vanadate, 1 µg/ml each of aprotinin, leupeptin, and Biotchnology, Lake Placid, NY), and anti-phosphotyrosine (mouse monoclonal, Upstate Biotechnology) at 1:1000 dilution were used, followed by incubation with either antimouse IgG-peroxidase-conjugated (Sigma) or anti-rabbit-IgG-peroxidase conjugated (Chemicon International, Temecula, CA, USA) secondary antibodies. The immunoblots were developed with an enhanced chemiluminiscence system (Supersignal system, Pierce) and subsequent exposure to X-OMAT film (Kodak).
Measurement of ILK activity.
ILK activity was determined in cell extracts by immunoprecipitation (24).
Myelin basic protein (MBP) was used as a substrate for ILK, and [ 32 P]ATP was used as the phosphate donor. The phosphorylated proteins were electrophoresed on 12% SDS/PAGE gels and quantified after exposure to autoradiographic film by densitometry using an Apple scanner appropriate software (NIH Image from the National Institutes of Health).
Statistical analysis.
Results shown are the means ± SE of a variable number of experiments (see legends to the figures). Northern blot densitometry data were corrected for variations in gel loading by accounting for the relative intensities of the 28S rRNA band. When n < 10, non-parametric statistics were used for comparisons (Friedman´s and Wilcoxon´s test). In the other cases, ANOVA was used. A P < 0.05 was considered statistically significant. 
RESULTS

HMC cultured on COL
HMC cultured on COL I show an increased mRNA expression and secretion of TGF-1.
As TGF-1 is considered one of the main cytokines involved in the regulation of ECM
protein synthesis, we also tested the ability of COL I to modulate the TGF-1 mRNA expression and synthesis in mesangial cells. As with ECM mRNAs, COL I compared to COL IV induced a significantly higher expression of TGF-1 mRNA ( Fig. 2A ). These changes in mRNA expression were followed by an increased synthesis and secretion of immunoreactive TGF-1 (Fig. 2B ). For this reason, in the rest of experiments we have measured indistinctly the effect of COL I on TGF-1 production at mRNA level ( Fig. 5 and 6) or at protein level (Fig 3 and 9 ). The increase in TGF-1 synthesis was significantly higher 24 h after cells were serum starved, and remained for 96 h ( Cell culture on COL I also induced an increase in ILK activity without a corresponding change in ILK protein content (Fig. 7) . This stimulatory effect of COL I was time-dependent ( Fig. 8) , reaching a maximum after 72 h of cell contact with the culture substrate, whereas ILK activity of cells cultured on COL IV remained experiments. To assess whether the COL I-dependent stimulation of TGF-1 synthesis is mediated by the increased ILK activity, cells grown on COL I were transfected with plasmids expressing a deficient kinase (KD) or the wild type ILK (ILK). KD overexpression prevented the increased TGF-1 synthesis induced by COL I (Fig. 9A) .
Transfection efficiency was about 60 %, and the expression of the constructs was controlled by testing the cellular content of the exogenous protein V5, also included in the transfection plasmid ( figure 9A ). In these same cultures ILK activity was also significantly reduced (Fig. 9B ).
However the effect of ECM composition on cytokine synthesis has been poorly In summary, the present results support a role for ECM matrix proteins in the regulation of TGF-1synthesis, with the subsequent increase of newly synthesized ECM proteins. In addition to the well-described system of tyrosine kinases, ILK seems to play a relevant role in the genesis of this stimulatory effect. This mechanism could be relevant in the progression of chronic renal disease. 
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